The crystal structure of Cu4BisSl0 has been determined from three-dimensional intensity data. Two formula units are contained in a monoclinic cell, space group C2/m, with ao = 17.539 (3), bo = 3.931 (13) [Nuffield, E. W. (1952) . Amer. Min. 37,[447][448][449][450][451][452]. From the relation between the structures of Cu4BisSl0 and hodrushite, the structure ofcuprobismutite was proposed. The coincidence between observed and calculated intensities of the powder data is satisfactory. These three substances are described as layer structures. Both Cu4BisSl0 and cuprobismutite have singlelayer structures, and hodrushite has a double-layer structure and contains one layer of Cu4BisS~0 and one layer of cuprobismutite.
Experimental
In a systematic investigation involving synthetic and crystallographic studies of the Pb-Cu-Bi-S system, a new compound has been obtained. The material was synthesized by a chemical transport reaction by the method of Rabenau & Rau (1969) . A powder of 3 parts PbS, 5 parts Bi2S3 and 1 part Cu2S was mechanically mixed to form the charge for this synthesis. This mixed sulphide was sealed in a silica glass tube together with a transport material (0.1N HC1 solution). The tube. which was tilted at 20 ° from the horizontal, was l) kept at 340_+10°C with a temperature gradient of 10°C for 11 days. In the product, larger crystals of Bi2S3 (~ 200 x 200 x 800/zm) with small amounts of Pb and Cu, and fine needles of a new compound (,~ 6 × 6 × 200/~m) were found. The chemical composition of this new compound was determined by electron microprobe analyses as Cu4BisSl0.
A crystal of size 7 × 7 × 250/~m was selected. Weissenberg photographs were measured and these data were used to refine the cell constants by a least-squares method. These cell constants are similar to those predicted by Kodera, Kup6ik & Makovick3~ (1970) . The only observed systematic absence is hkl with h +k-¢ 2n, which indicates C2 (No. 5), Cm (No. 8) and C2/m (No. 12) as possible space groups.
Crystal data
Cu4BisSl0, monoclinic, space group C2/m. a0= 17.539 + 0.003, bo = 3.931 + 0-013, Co = 12.847 + 0.003 A; fl=108.0+0.1°; Z=2; Dealt=6.39 g cm-3; /t=1154 cm -1 (Cu Kc~ radiation). The elongation axis is [010] .
The intensities were collected from layers hOl to h31 by an automatic Weissenberg diffractometer (STADI-2 system of Stoe) with Ni-filtered Cu radiation. Because the crystal was very small, diffracted intensities were rather weak. Therefore the intensities of the independent reflexions were measured twice to minimize the error of the measurements. The two sets of data were averaged, and then corrected for the Lorentz-polarization factor. No absorption correction was made, because pr was about 0.4. Of the 796 observed reflexions, 105 had an intensity lower than 2a(1) and were considered as unobserved. For an unobserved reflexion. a(F)/3 was assigned as F observed.
THE CRYSTAL STRUCTURE OF Cu4BisSt0

Structure determination
The reflexions from the layers with k = 2n (n =0,1) show approximately the same intensity distributions. The intensity distributions of the odd layers are similar to each other, but different from those of even layers. This feature suggests that most atoms should be on the planes y=0 and +,~ and that C2 could be omitted as a possible space group. Cm was also excluded by the interpretation of the Patterson porjection, P(uw) (Fig.   1) . The x and z parameters of the heavy atoms (bismuth) were determined from P(uw)+ and those of the copper and the sulphur atoms were found from the succeeding Fourier and difference syntheses. The y parameters of the atoms, which are either 0 or ½, were determined from generalized projections P~(uw) and +t(xz). The discrepancy index R at this stage was 20 %.
The positional parameters and isotropic temperature factors of the atoms were refined by the full-matrix least-squares program ORFLS (Busing, Martin & Levy, 1962 Description of the structure and CuBisS+ (Ohmasa & Nowacki, 1973 : 
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The structure of Cu4BisSto is illustrated in Fig. 2 trigonal planar coordination (Cu-S: 2.30 A), and the fourth sulphur atom occupies the apex of a trigonal pyramid at a distance of 2-60 A. The four sulphur atoms around Cu(2) form a distorted tetrahedron.
Structural relation between Cu4BisSlo , hodrushite and cuprobismutite
The structure of Cu4BisS10 is closely related to that of hodrushite, MCu4BisSll (M: Bi, Fe, Pb; Kodera et al., 1970) . The Patterson projection, P(uw), of hodrushite shows a very strong maximum at u=0.189 and w= 0.548 (Fig. 3) . If the origin of a second identical P (uw) projection is shifted to coincide with this maximum in the first P(uw) projection, then the positions and the relative heights of most peaks in both projections coincide. This indicates that the vector between the origin and the maximum (u=0.189, w=0.548) is a pseudotranslation vector. This vector divides the unit cell of hodrushite into two parts* where a0 and b0 of the two * A different choice of axes for hodrushite is used in this paper from that in the papers of Kup(zik & Makovick2~ (1968) and Kodera et al. (1970) 
parts are common to the original unit cell (Fig. 4) . The resultant two sets of c0 and fl coincide with the c0 and the fl of CugBisSx0 and of cuprobismutite (Table 5) . Therefore the unit cells of the Cu4BisS10 and of cuprobismutite are joined with their b0 in antiparallel relationship to form the hodrushite cell. Besides the pseudotranslation, the structure of hodrushite has partial symmetry elements, twofold axes and 21 axes in good approximation, as illustrated in Fig. 4 . These partial symmetry elements are valid as the symmetry elements in the Cu4BisS10 structure, where the arrangement of atoms is practically the same as that in the corresponding part of hodrushite (Fig. 5) . 
Proposed structure of euprobismutite
The considerations in the preceding section enable the structure of cuprobismutite to be predicted. The systematic absence obsmved by Nuffield permits C2/m, C2 and Cm as the possible space groups. Because C2/m is common to bismuth sulphosalts and its symmetry coincides with the partial symmetry of hodrushite, the space group of cuprobismutite is assumed to be C2/m.
In order to choose the symmetry centre as the origin of the cuprobismutite cell, its origin must be shifted Co/2 of the CuaBisSl0 cell in the structure of hodrushite (Fig. 4) . The proposed structure of cuprobismutite is illustrated in Fig. 5 . The chemical formula which corresponds to this structure is Cu4Bi7Slz instead of the formula CuBiS2 proposed by Nuffield. The deviation of the composition from CuBiS2 has recently been suggested by synthetic studies in the system BizSa-Cu2S by Buhlmann (1971) , and in the system Cu-Bi-S by Sugaki & Shima (1971) . The deviation of the composition from CuBiSz was also noted by Taylor, Radtke & Christ (1973) from electron microprobe analyses of natural specimens. Unfortunately, attempts to synthesize single crystals of this compound have failed. However, a synthetic fine powder was kindly supplied by Professor Moh (Heidelberg), and the validity of the proposed structure could be tested. Table 6 shows the comparison of the observed and the calculated intensities. The d spacings were measured with a Guinier camera (Cu radiation/quartz monochromatcr). The intensities are the average of the photometric measurements from Guinier photographs and the measurements from a powder diffractometer. Preferred orientation was observed, but was almost eliminated by careful preparation ot the specimens. All observed peaks correspond to the reflexions with large calculated values of I and the agreement of Ica~c with Iobs is satisfactory. The discrepancy index R"=~.[Iobs--Icalcl/~Iob s is 16% for the reflexions listed in Table 6 , which confirms the crystal structure. The positional coordinates of atoms and the isotropic temperature factors used for the calculations of intensities are listed in Table 7 . Further attempts to postulate a structure with more copper atoms led to a poorer fit between lobs and Ica~¢.
The relationships between the structures of Cu4BisS10, hodrushite and cuprobismutite are thus clarified. The common features of these three compounds are as follows: (a) they belong to the monoclinic system and their space group is C2/m (or Cm), (b) two of the three cell dimensions are 17 and 4 A, (c) the octahedrally coordinated heavy atom occupies the symmetry centre or the origin. These structures may be described as layer structures; the structures of Cu4BisS10 and cuprobismutite Taylor et al. (1973) are quoted in the next two columns, by Berry & Thompson (1962) in the centre two columns, and by Nuffield (1952) Bi ( octahedral coordination may be less favourable to bismuth than the other types such as trigonal or tetragonal pyramids, it is likely that other elements (e.g. Pb, Fe and so forth), even in small amounts, catalyse the formation of these compounds (Moh, 1973) . Therefore Cu4BisSt0, hodrushite and cuprobismutite may belong to a quarternary system, M-Cu-Bi-S (M : Pb, Fe), with a small amount of M, or they may be formed in the Cu-Bi-S system as a metastable phase only under the condition that a small amount of M is present. A similar behaviour of minor elements has been reported by Bernhardt (1972) in his study on the sulphide system, CuzFeSnS4-CuFeSE.
